Introduction {#ss1}
============

Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes of elevated liver enzymes and chronic liver disease in Western countries ([@CIT0001]). Patients with elevated liver enzymes in the absence of alcohol consumption and secondary causes of liver disease are described as having NAFLD ([@CIT0002]). Non-alcoholic steatohepatitis (NASH) is a more severe form of NAFLD. It is characterized by steatosis, lobular inflammation, ballooning, and fibrosis in liver biopsies, which is the gold standard for diagnosis of NASH ([@CIT0003]). The prevalence of cardiovascular disease and death from cardiovascular causes is increased in patients with NAFLD ([@CIT0004]). Carotid intima-media thickness and presence of coronary plaques were also increased in patients with NAFLD ([@CIT0005]). Although the association between cardiovascular diseases and NAFLD is well known, data concerning the role of endothelial dysfunction in patients with NASH---a more severe subgroup of NAFLD---are limited.

Endothelial dysfunction is associated with an increased risk of myocardial infarction, coronary revascularization, and cardiovascular death ([@CIT0007]). Measurements of flow-mediated dilatation of the brachial artery with two-dimensional and Doppler ultrasonography have been used for the diagnosis of endothelial dysfunction, and a high correlation with angiographic results has been demonstrated ([@CIT0008]). In this study we aimed to investigate the presence of endothelial dysfunction and the role of liver enzymes in predicting endothelial function in patients with NASH.

Methods {#ss2}
=======

Study population {#ss3}
----------------

Fifty patients previously diagnosed with NASH (27 male and 23 female, mean age 42 ± 9 years) by liver biopsies in the Gastroenterology Department of Kayseri Education and Research Hospital between May 2010 and April 2012 were included. The indication for liver biopsy in these patients had been elevated liver enzymes in blood tests over 6 months. All patients underwent transthoracic echocardiography and brachial and carotid artery Doppler studies after careful physical examination. Also, blood samples after fasting were harvested for biochemical analyses, including lipids, glucose, insulin, creatinine, aspartic acid transaminase (AST), alanine transaminase (ALT), and gamma glutamyl transferase (GGT) concentrations (Olympus AU-640 analyser, Mishima Olympus Co. Ltd, Shizuoka, Japan). All blood tests were repeated three times, and mean values were used for statistical analyses. To diminish any confounders that might influence endothelial function, patients with established coronary artery disease (CAD), peripheral arterial disease, hypertension, hyperlipidemia, diabetes, a history of smoking, and use of anti-hyperlipidemic drugs were excluded. Thirty healthy volunteers, age- and sex-matched (19 male and 11 female, mean age 41 ± 6 years), were selected as a control group.

Flow-mediated dilatation and carotid intima-media thickness {#ss4}
-----------------------------------------------------------

Endothelial dysfunction was evaluated using brachial artery flow-mediated dilatation (FMD). Brachial artery FMD was measured with a high-frequency (7.0--13.0 MHz) ultrasound scanning probe to obtain longitudinal images of the brachial artery at a point 5 to 10 cm proximal to the antecubital fossa (Siemens Medical Sol, Mountain View, CA, USA). All scans were performed by the same sonographer. Two-dimensional images were obtained at baseline with Doppler ultrasound scanning to assess arterial diameter. Angle correction software was used during Doppler imaging to approximate a 20-degree angle of incidence to blood flow. Increased shear stress was achieved by producing reactive hyperemia. A pressure cuff placed on the right forearm was inflated up to 50 mmHg higher than systolic blood pressure for 5 minutes in order to induce ischemia by occluding arterial flow. Arterial diameter measurements were repeated within 60 seconds of cuff deflation. Arterial diameter was measured from the right arm at the intima-media interface of the clearest echocardiography line. Images were acquired with electrocardiogram gating, with measurements made in end diastole corresponding to the onset of the R wave. Measurements were reported as % change in diameter.

Carotid artery intima-media thickness measurements were performed in the supine position with the neck extended and the chin turned away from the side being examined. The right and left common carotid arteries were imaged proximal to the bulb in multiple longitudinal planes for clearest resolution of the intima-media thickness (IMT) of the far wall. The mean IMT was obtained by manually tracing the intima-media in the far wall of the artery. Measurements were performed on three end diastolic images and averaged.

Statistical analysis {#ss5}
--------------------

All analyses were carried out using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA). Continuous variables were given as mean ± standard deviation; categorical variables were defined as percentages. The variables were investigated using the Kolmogorov--Smirnov test to determine whether or not they were normally distributed. The *t* test was used to compare continuous variables between the two groups. Non-parametric values were compared with Mann--Whitney *U* test. Chi-square test was used to compare categorical data. A multiple linear regression model was used to identify the statistical significance of relationships between selected variables and FMD and carotid artery intima-media thickness (CIMT). The model fit was assessed using appropriate residual and goodness-of-fit statistics. A two-tailed *P* value \< 0.05 was considered as statistically significant.

Results {#ss6}
=======

Fifty patients with NASH and 30 healthy volunteers were included ([Table I](#T1){ref-type="table"}). There were no differences between patients and controls in terms of age and gender. Moreover, concentrations of serum glucose, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglyceride, and creatinine were similar. However, serum concentrations of GGT, AST, ALT, and insulin were elevated in the NASH patients. Likewise, the homeostasis model assessment (HOMA) index and body mass index were higher in patients with NASH when compared with controls ([Table I](#T1){ref-type="table"}).

###### 

Comparison of baseline demographics, laboratory features, and Doppler studies of patients with non-alcoholic steatohepatitis and controls.

                              NASH (*n* = 50)   Controls (*n* = 30)   *p* value
  --------------------------- ----------------- --------------------- -----------
  Age (years)                 42 ± 9            41 ± 6                0.686
  Gender (male/female)        27/23             19/11                 0.414
  BMI (kg/m^2^)               30 ± 4            28 ± 3                0.004
  Glucose (mg/dL)             90 ± 12           92 ± 8                0.662
  Total cholesterol (mg/dL)   221 ± 36          205 ± 38              0.065
  LDL cholesterol (mg/dL)     126 ± 27          119 ± 39              0.359
  HDL cholesterol (mg/dL)     42 ± 6            43 ± 7                0.782
  Triglyceride (mg/dL)        172 ± 57          174 ± 33              0.835
  Creatinine (mg/dL)          0.8 ± 0.3         0.9 ± 0.3             0.325
  GGT (U/L)                   55 ± 18           36 ± 20               \<0.001
  AST (U/L)                   48 ± 10           30 ± 6                \<0.001
  ALT (U/L)                   61 ± 22           45 ± 13               0.001
  Insulin (µU/mL)             13 ± 3            5 ± 2                 \<0.001
  HOMA-IR                     3.3 ± 1.5         1.5 ± 0.3             \<0.001
  Ejection fraction (%)       65 ± 6            66 ± 5                0.183
  BA baseline diameter (mm)   40 ± 6            39 ± 4                0.172
  FMD (%)                     4.9 ± 2.8         9.3 ± 4.4             \<0.001
  CIMT (mm)                   0.79 ± 0.16       0.64 ± 0.11           \<0.001

AST = aspartic acid transaminase; ALT = alanine transaminase; BA = brachial artery; BMI = body mass index; CIMT = carotid intima-media thickness; FMD = flow-mediated dilatation; GGT = gamma glutamyl transferase; HDL = high-density lipoprotein; LDL = low-density lipoprotein.

Doppler studies revealed that patients with NASH had an impaired flow-mediated dilatation when compared with the controls ([Table I](#T1){ref-type="table"}). Furthermore, carotid artery sonographic imaging showed that CIMT was higher in patients with NASH. Linear regression analysis showed that serum GGT and ALT concentrations were significantly associated with FMD (GGT: coefficient β: --0.36, *P =* 0.007; and ALT: coefficient β: --0.43, *P =* 0.002) and CIMT (GGT: coefficient β: 0.40, *P =* 0.021; and ALT: coefficient β: 0.38, *P =* 0.027) ([Tables II](#T2){ref-type="table"} and [III](#T3){ref-type="table"}). Also, correlation analyses showed that there was a statistically significant correlation between serum concentrations of GGT and ALT and FMD and CIMT, respectively ([Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

###### 

Linear regression analysis showing relationships between several variables and flow-mediated dilatation of brachial artery.

                      Coefficient β   *p* value
  ------------------- --------------- -----------
  Age                 --0.09          0.298
  BMI                 0.01            0.958
  AST                 --0.09          0.335
  ALT                 --0.43          0.002
  GGT                 --0.36          0.007
  Insulin             --0.05          0.610
  HOMA index          --0.09          0.414
  Total cholesterol   0.16            0.846

###### 

Linear regression analysis showing relationships between several variables and carotid artery intima-media thickness.

                      Coefficient β   *p* value
  ------------------- --------------- -----------
  Age                 0.09            0.415
  BMI                 0.09            0.401
  AST                 0.18            0.133
  ALT                 0.38            0.027
  GGT                 0.40            0.021
  Insulin             0.03            0.821
  HOMA index          0.09            0.536
  Total cholesterol   0.01            0.902

![In patients with non-alcoholic steatohepatitis, serum gamma glutamyl transferase and alanine transaminase concentrations were negatively correlated with flow-mediated dilatation of the brachial artery. A: Graphics showing correlation between gamma glutamyl transferase concentration and flow-mediated dilatation. B: Graphics showing correlation between alanine transaminase concentration and flow-mediated dilatation.](UPS-118-228-g001){#F1}

![In patients with non-alcoholic steatohepatitis, serum gamma glutamyl transferase and alanine transaminase concentrations were highly correlated with the carotid intima-media thickness. A: Graphics showing correlation between serum gamma glutamyl transferase concentration and carotid intima-media thickness. B: Graphics showing correlation between serum alanine transaminase concentration and carotid intima-media thickness.](UPS-118-228-g002){#F2}

Discussion {#ss7}
==========

Non-alcoholic steatohepatitis is a more severe subgroup of NAFLD which ranges from simple steatosis to steatohepatitis, advanced fibrosis, and cirrhosis. NAFLD is defined histologically in liver biopsies by exhibiting macrovesicular steatosis, lobular inflammation, balloon degeneration of hepatocytes, and zone 3 pericellular fibrosis ([@CIT0009]). Despite sampling variability and inter-observer discordance, a liver biopsy is the gold standard for diagnosis of NASH ([@CIT0010]). Patients with NASH are more prone to develop CAD than patients with simple steatosis; however, it is still unclear whether liver enzymes could be used as specific markers of endothelial dysfunction in these patients.

Elevated serum GGT enzyme activity has been widely used as a marker of alcohol abuse and liver dysfunction including NAFLD. The concentration in serum of GGT is a highly sensitive laboratory measurement for the presence of NAFLD ([@CIT0011]). Banderas et al. showed that serum GGT and triglycerides and obesity were predictors of NAFLD in patients with the metabolic syndrome ([@CIT0013]). Alanine aminotransferase is a simple marker for NAFLD and has been shown to be associated with liver fat accumulation as measured by magnetic resonance (MR) proton spectroscopy ([@CIT0014]). Dixon et al. found that ALT was an independent predictor for the presence of NASH and advanced pericellular fibrosis in liver biopsies of 105 obese patients undergoing obesity surgery ([@CIT0016]).

Accumulating data suggest that GGT and ALT also might be markers of endothelial dysfunction and atherosclerosis besides their role in NAFLD. The serum GGT concentration was shown to be significantly associated with endothelial dysfunction, extensive atherosclerotic cardiovascular involvement, and adverse cardiac events and mortality during the course of acute coronary syndromes ([@CIT0017]). Several studies investigating the role of GGT in stable CAD, acute coronary syndrome, and ST segment elevation myocardial infarction revealed that GGT is an independent predictor of short- and long-term mortality ([@CIT0019]). Similarly, serum ALT concentrations were also found to be associated with endothelial dysfunction as measured by FMD and CIMT in patients with diabetes ([@CIT0013]). However, in patients with NASH relations between ALT and endothelial dysfunction have previously not been studied.

Brachial artery FMD is a simple and readily available tool for assessing endothelial function ([@CIT0022]). Impaired FMD is an early sign of subclinical atherosclerosis and may be useful in identifying patients carrying a high risk of complications of atherosclerotic vascular diseases ([@CIT0023]). It is well known that, in patients with NAFLD, CAD is the leading cause of that, followed by hepatic malignancy and cirrhosis ([@CIT0024]). In patients with NAFLD, impaired FMD of brachial artery and increased CIMT have been reported in several studies ([@CIT0025]). However, CIMT and FMD have previously not been studied in patients with NASH.

In our study serum concentrations of both GGT and ALT were found to be predictors of endothelial function in patients with NASH. Several mechanisms have been employed in this association linking GGT and ALT with both NASH and endothelial dysfunction. First, increased serum concentrations of GGT and ALT reflect oxidative stress, which may play a role in the development of both NASH and endothelial dysfunction. GGT acts as a mediator in the transportation of extracellular glutathione into most types of cells. Production of free radicals leads to reduction in glutathione and induces GGT to protect glutathione levels ([@CIT0027]). Serum GGT concentrations usually increase as a response to pre-existing oxidative stress. Results from the CARDIA study showed that a high serum GGT concentration is a result of pre-existing oxidative stress and GGT is expressed as a cellular defender against oxidative stress ([@CIT0028]). High serum concentrations of GGT documented in patients with coronary artery disease are thought to be a result of oxidative stress active in the formation of atherosclerotic plaque ([@CIT0029]). However, oxidative stress also plays a major role in the progression of NAFLD to NASH ([@CIT0032]). Lipid peroxidation products and 8-hydroxy-deoxyguanosine were demonstrated in both plasma and liver biopsies of patients with NASH, indicating contribution of oxidative stress to progression of liver disease ([@CIT0033]). Additionally, elevation in ALT concentrations represent fat deposition in liver and other organs with non-adipose tissues, and an increase of intracellular triglyceride in these tissues might be a mediator for production of reactive oxygen species which may further lead to organ dysfunction in both liver and vascular endothelium ([@CIT0034]). In our study, increased serum concentrations of GGT and ALT in patients with NASH and impaired FMD suggest that pre-existing oxidative stress plays a role in the development and progression of both NASH and endothelial dysfunction. Moreover, high serum GGT and ALT concentrations might also reflect the inflammatory state which may contribute to the development of endothelial dysfunction and fibrosis in NASH ([@CIT0035]). Results of a previous study conducted by Lee and colleagues showed that GGT is a component of subclinical inflammation, which is also involved in the pathogenesis of NASH and atherosclerosis ([@CIT0037]). In a previous study which included patients with the metabolic syndrome, Kerner et al. showed that high serum ALT concentrations were correlated with high C-reactive protein levels. The authors concluded that hepatic inflammation as a result of hepatic steatosis might be a potential contributor to low-grade systemic inflammation seen in patients with NASH ([@CIT0035]).

This study has some limitations. First, the number of patients included is relatively small to draw definite conclusions from. However, we included a homogeneous, biopsy-proven NASH population. Second, the absence of measurements of oxidative and inflammatory markers is also a limitation. Nevertheless, we conclude that patients with NASH have impaired FMD and increased CIMT when compared with healthy controls. In patients with NASH, serum concentrations of GGT and ALT might have a predictive value for FMD and CIMT, and these biomarkers might therefore be useful for the demonstration of endothelial dysfunction.
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